Urokinase receptor mediates osteoclastogenesis via M-CSF release from osteoblasts and the c-Fms/PI3K/Akt/NF-κB pathway in osteoclasts.
Bone remodeling is a dynamic process based on a fine-tuned balance between formation and degradation of bone. Osteoblasts (OBLs) are responsible for bone formation and bone resorption is mediated by osteoclasts (OCLs). The mechanisms regulating the OBL-OCL balance are critical in health and disease; however, they are still far from being understood. We reported recently that the multifunctional urokinase receptor (uPAR) mediates osteogenic differentiation of mesenchymal stem cells (MSCs) to OBLs and vascular calcification in atherosclerosis. Here, we address the question of whether uPAR may also be engaged in regulation of osteoclastogenesis. We show that uPAR mediates this process in a dual fashion. Thus, uPAR affected OBL-OCL interplay. We observed that osteoclastogenesis was significantly impaired in co-culture of monocyte-derived OCLs and in OBLs derived from MSCs lacking uPAR. We show that expression and release, from OBLs, of macrophage colony-stimulating factor (M-CSF), which is indispensable for OCL differentiation, was inhibited by uPAR loss. We further found that uPAR, on the other hand, controlled formation, differentiation, and functional properties of macrophage-derived OCLs. Expression of osteoclastogenic markers, such as tartrate-resistant acid phosphatase (TRAP) and cathepsin K, was impaired in OCLs derived from uPAR-deficient macrophages. The requirement of uPAR for osteoclastogenesis was further confirmed by immunocytochemistry and in bone resorption assay. We provide evidence that the underlying signaling mechanisms involve uPAR association with the M-CSF binding receptor c-Fms followed by c-Fms phosphorylation and activation of the PI3K/Akt/NF-κB pathway in OCLs. We further show that uPAR uses this pathway to regulate a balance between OCL differentiation, apoptosis, and cell proliferation. Our study identified uPAR as an important and multifaceted regulator of OBL-OCL molecular interplay that may serve as an attractive target in bone disease and ectopic calcification.